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Precision reference bans precision resistors 

Budge Ing, Maxim Integrated Products, Sunnyvale, CA 



COMBINING A SWITCHED-CAPACITOR 
charge pump with a precision refer- 
ence yields an inverted reference 
from a positive power supply (Figure 1 ). 
Unlike the more typical combination of 
a positive three-terminal reference and an 
op-amp inverter, this circuit per- 
forms accurate inversions without 
the need for precision resistors 
and a negative supply. The com- 
pact circuit requires only three 
surface-mount capacitors, 
and the ICs occupy tiny 
SOT-23 packages. 

The charge-pump inverter, IC 2 , 
delivers - 5V by inverting the out- 



put of a 5V precision reference, IC,. IC, 
has an input range of 5.2 to 12.5V. Re- 
placing IC, with a 2.5V reference that ac- 
cepts 2.7 to 12.5V inputs produces a 
—2.5V output. 
Output-voltage 



3.3 uF 



V, N 

5.2 TO 12.5V 
(2.7 TO 12.5V) 



Figure 1 



K, 




C- C+ 






IN MAX6150 OUT 




IN IC 2 OUT 




(MAX6125) 




MAX828 


GND 




GND 


1 




± 



Combining a voltage 
a 



partly on the initial accuracy of IC,, 
which in this case is 1%. To determine the 
overall accuracy, you must add the error 
from the dropout voltage, which is less 
than 2 mV for 90 u.A of load current 
(Figure 2a). For a -2.5V output, the cir- 
cuit draws quiescent current 
that ranges from 86 u.A for a 
2.7V input to 105 |xA for a 12.5V 
input. For — 5V outputs, the cir- 
cuit draws 127 u.A for 5.2V in- 
puts and 140 u.A for 12.5V in- 
puts (Figure 2b). (DI #2368) 
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Figure 2 



FOR TRACE A, V,„=12.5V. AND V out =-5V. 
FOR TRACE B V, N =5.2V. AND V ut=-5V. 
FOR TRACE C. V, N =12.5V, AND V OUT =-2.5V. 
FOR TRACE D, V,„=2.7V, AND V OUT =-2.5V. 



For a — SV output the dropout voltage is less than 2 mV at 90 |xA of output current (a). For a — SV output quiescent current ranges from 127 to 140 



Easy method calculates comparator trip points 

Virgil Lawrence, Micro Linear, San Jose, CA 

Using Millman's Theorem to cal- This method eliminates lengthy compu- calculate the third value, 

culate the resistor ratio reduces the tations and substitutions. Using this re- Assume an inverting comparator with 

time it takes to calculate the trip sistor ratio, you select two resistors, as- an upper limit of 4V and a lower trip 

points on a comparator with hysteresis, sign convenient values, and then voltage of 1.333V. The voltage on the in- 
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verting input needs to reach 1.333V for 
the output to switch to V cc . Then, for the 
output to return to zero, the input volt- 
age needs to reach 4V. 

Millman's Theorem states that the sum 
of the products of the voltages times their 
respective conductances divided by the 
sum of the conductances gives the com- 
mon junction-point voltage V x (Figure 
I). Or, 

y _ IVnGn t 



V X 




Millman's theorem states that the sum of the 
products of the voltages times their respective 
conductances divided by the sum of the con- 
ductances | 
voltage V x . 



where G=l/R. 



is Theorem, with 



V cc at the top of Rj and R F (Fig- Figure 2 
ure 2), set up the numerator with 
a Millman equation. Set up the denomi- 
nator with another Millman equation 
when the output voltage is zero (with only 
one voltage source in the denominator). 
Assume that R c is <<R F and therefore 
negligible in the calculations. The result- 
ant equation for the voltage ratio is: 



Vcc 
12V 
Q 



lG N 



MN(HIGH) 
V"lN(LOW) £ V N G N 

Ig n 

Rp + R, 



R; Rp 

U 

R, 



- = VOLTAGE RATIO. 



This large fraction equals the voltage 
ratio 4/1.333 = 3. First solve for R F in 
terms of R,, and select R, in relation to 
R F , such as R, = l Mfl, and R p =500 Idl. 
Then solve for R 2 . The resistance ratio al- 
ways equals the voltage ratio minus one. 
(DI #2372) 



Ri 



R2 | 



Rc 



Using Millman's 
that the 
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can do for you! 



^ A power company in Chile uses Z-World controllers to Z-World's C-programmable BL1700 controller offers: 

• 32 digital I/O lines. (You can add up to 256!) 

• 4 full-duplex serial ports (networking and communication). 

• 10 12-bit analog inputs connect directly to sensors. 

• LCD and PLCBus™ ports provide expandability. 

T R O L TECHNOLOGY 

Z-World offers a wide range of cost-effective C-programmable controllers 
and peripherals. Our integrated Dynamic C*development software provides 
real-time multi-tasking control. 

2900 Spafford Street Davis CA 95616 USA Tel: 530.757.3737 fax: 530.753 SW WWW.ZWOrld.com 



• A power company in Chile uses Z-World controllers to 
monitor and balance hundreds of megawatts in their 200kV 
and 500kV power distribution network. The controllers calculate 
instantaneous power and compensate for unexpected power 
fluctuations in far less than the required 30 ms! 

INNOVATION IN C 'O N 



iWORLD 



Call 1-888-362-3387 

(toll free in U.S. and Canada) 
for a free product catalog. 
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